Disposition of amodiaquine and related antimalarial agents in human neutrophils: implications for drug design.
The development and clinical use of 4-aminoquinoline antimalarial agents such as amodiaquine have been limited by toxicity to neutrophils. We have investigated the chemical basis of amodiaquine-induced toxicity and compared the findings with those for established antimalarial drugs proposed for human use. Amodiaquine, like chloroquine, mefloquine and halofantrine, was lysosomotropic and accumulated in human neutrophils. Amodiaquine did not lead to impairment of either cellular function or cell viability at therapeutic levels. In contrast to other antimalarial agents, amodiaquine (because it contains a 4-aminophenol function) depleted glutathione in activated neutrophils, by formation of an electrophilic quinoneimine metabolite. Bioactivation was accompanied by the expression of a drug-related antigen on the cell surface, which was recognized by drug-specific antibodies, suggesting that a type II hypersensitivity reaction is responsible for the observed toxicity. Similar bioactivation and accumulation were observed for the structurally related amopyroquine. The effects of chemical modifications at the 3'- and 5'-positions, which are known to enhance antimalarial activity, were also investigated. The introduction of a lipophilic 5'-chlorophenyl group and 3'-t-butyl group blocked bioactivation but enhanced cellular accumulation, with resultant impairment of function and neutrophil viability, whereas introduction of a second cationic dialkylamino group (bis-mannich compounds) blocked bioactivation and reduced cellular accumulation, without producing noticeable effects on cellular function and viability. These data provide a chemical rationale for the idiosyncratic agranulocytosis observed with amodiaquine, and they suggest that similar toxicity might be anticipated for amopyroquine but is less likely with bis-mannich antimalarial agents such as pyronaridine.